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INTRODUCTION 

Purpose 

Laboratory tests were conducted on three sizes of two 
versions of a combined flowmeter and flow-mntroller 
device. The two versions of the device were a used f~e ld  
modified and an unused newer version. The used 
field-modified version was tested primarily t o  check 
ths effectiveness of modification by the mmpany t o  
attain specified totalization accuracy. Tests were 
performed on both versions t o  help assess mechanical 
reliability, accuracy of indicated and totalized flow, 
head losses, closure characteristics, and discharge 
response to and recovery from mpply line pressure 
changes caused by pump manipulation. 

Background 

Since June of 1967, Westland Water District has been 
using a combined rotmeter-type flowmeter and 
flow-control device. The primary purpose of this device 
is t o  measure delivery of irrigation water. The device 
combines rate of f low indication, control to maintain 
preset flow rate at any pressure from low head t o  
maximum design head, integration of the water 
delivered, and shut off by means of a small hand valve. 
These functions are incorporated in  a single unit 
designed to operate without an external source of 
electrical power. This combination permits less 
supervision of the turnout by operating personnel, and 
allows the user to turn flow on and off but limits him 
to a locked, preset maximum delivery rate. The district 
is also aware of possible adaptations for remote andlor 
automated operations by means of coding devices for 
telemetry t o  a centralized computer station, and by 
motorizing the shutoff valve and ratesetter for control. 
Th~s  device offers possible economic advantages 
provided it measures flow accurately and is relatively 
free from maintenance problems. 

Denver Office personnel made examinations of 
mmbined flowmeter and flow-control devices that 
were in service at the Westlands Water District in  
October 1967. They recommended that the Denver 
office laboratories perform further tern to aid in 
writing equipment purchase specifications. 

The recommended investigations were performed and 
are summarized in R EC-OCE-70-54. The tests with one 
10-inch (25.4-cm) dwice showed that it did not meet 
specified accuracy and that shutoff and leakage 
problems were encountered a t  low heads. Th!! poor 
accuracy results were verified by a disinterested third 
party. Also, Westlands Water District reported 
operation difficulties with the devices. However. 

laboratory analyses of data indicated that sufficient 
accuracy could be attained, provided the devi- ~ e s  were 
properly calibrated and rugged enough to maintain 
calibration adjustment. 

The manufacturer agreed t o  field modify the 
integrators of all devices of the original contact. The 
manufacturer also requested that d any future tests 
were conducted, they preferred that Bureau o f  
Reclamation laboratories do them. Designers requested 
tests that included accuracy of rate of flow indication. 
totalization accuracy, head loss, closing time, and 
discharge response and recovery of the flowcontrollers 
to changes of presslre that might occur duting 
pumping plant operation. - 

\\ 
Tests were made-with 10.. 12-, and 1Cinch (25.4-,' 
30.5.. 35.6-cm) sizes of the used field-modified devices !) 
and on one each of lo-. 12.. and 14-inch sizes of the ::; 
unused newer-version device. The tens were conducted :/ 
from May t o  February 1969. This report describes '4.. 
these tests for the head and flow ranges shown in  Table 
1. 

SUMMARY OF LABORATORY STUDIES 

The first two used field-modified devices that arrived at 
the laboratory were improperly prepared for shipping. 
The 12-inch (30.5-cm) meter was operable and was 
tested. The 14-inch (35.6-cm) meter was inoperable. 
Both of these devices were disassembled and inspected 
in the presence of manufacturer's representatives and 
were found t o  be damaged. 

The clock and timing circuits of all of the devices 
shipped t o  laboratory were not operating properly. 
They produccd spurious pulses that triggered excess 
accumulation on the digital dial totalizer. Two 
recond~tioned clocks proyided by the manufacturer 
lasted only long enough t o  finish the testing of one 
meter. The manufacturer developed and provided one 
transistorized version of a clock and timing circuit that 
was transferred from meter to meter to complete the 
testing program. It cannot be predicted by these 
laboratory tests how well the new clock and timing 
circuits wili'perform in a field environment. 

None of the used field-modified devicesfully complied 
with the specified totalization accuracy. Possible 
contributing reasons are inadequate modification, field 
use, shipping damage, and inadequate mechanical 
design. However, all the unused nwv version devices 
complied with the specified totalization accuracy 
within laboratory discharge measuring capability. Some 
features of the nmer  device indicate that the 
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manufacturer has made efforts to provide a more mipment and/or otherwise damaged, leaked in excess 
rugged version that is likely to maintain calibration of specified limits. 
accuracy better than the used field-modified version. 

Occasionally the devices failed t o  control after periods 
Reading of discharge from the rate of flow indicator of no line pressure. However, control could byactuated 
near normal flow produced indicated discharges either by manipulating the set point control, increasing 
ranging from 92 to 107 percent of true flow for the supply line pressure, or temporarily closing the shutoff 
field modified devices, and 93 to 99 percent for the valve. The larger size devices were often slow (10 to 15 
new version. minutes) to control after a period of no supply line 

pressure. 
Every device tested, except the field modified 14-inch 
(35.6-cm) device, complied with the maximum head After setting a discharge near normal flow all the 
loss of 30 inches (762 cm) of water at normal flow. devices tested returned the flow back t o  within plusor 
This device, produced about two times the specified minus 3 percent of the set discharge for pressure 
maximum head loss. After thoroughly checking the changes within a head range of 100 t o  20 percent of 
laboratory measurements, it was concluded that the maximum design head. Pressure increases such as might 
high loss was caused by internal damage similar to that be caused by pump speed changes, resulted in  large 
noted for the devices that were disassembled and temporary overdelivery. 
inspected. 

Some vibration problems were encountered during high 
The only field-modified device tested that entirely head tests with field modified devices. During one test 
satisfied the specified closing time requirements was the handwheel that is used t o  set maximum allowed 
the 14-inch (35.6cm) device. The new version devices discharge delivery, turned due to flow induced 
complied with the closing time requirements, provided vibration. The device delivered twice the set maximum 
initiation of closure was internally recognized. discharge. Another time an integrator cam vibrated 
Occasionally, after shutting off the external hand valve, loose from its mounting. It cannot be clearly 
a device failed to start t o  close for undetermined distinguished by the laboratory tests alone whether 
reasons. Hoaever, closure could be actuated either by field use, improper shipping, preparation, inadequate 
manipulation of a set point control, or increasing the mechanical design, or a combination of these were 
mpply line pressure. The field-modified 12-inch responsible. 
(30.5-cm) device that was improperly prepared for 
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Rearlts of field experience and these laboratory tests The newer version is  not dependent upon conversion of 
can be used to help determine if the flowmeter and change of float elevation into rotation for readout. A 
flowcontrol devices are feasible for use in particular pointer (Figure 3) on a magnetic follower assembly 
projects and to aid in  writing equipment purchase moves in direct vertical relation to the movement o f  
specifications that more fully consider the peculiar the magnets on the float extension rod. 
characteristics of those projects. - 

h Totalization 
.~ 

DESCRIPTION AND CAPABILITIES To totalize delivery flow, the fieldmodified devices 
have a horizontal cam attached to the top of the 

The vertical flowmeter, flow.wntroller, and integrator vertical rotating helical shaft. Magnets on a rotor, 
combine in  one unit the capability of (1) flow timed and driven by anelectricclockand motor,force 
measurement of instantaneous rate of flow and a Contact lever t o  touch the cam once every 60 
integration for totalized flow in acre-feet, (2) limiting monds. When there is no flow, a reed switch respor;ds 
of flow t o  a preset maximum rate or toma in tgn  a t o  the magnet on the float extension rod and breaks 
nearly constant flow rate over a range 07 head by t h e  circuit t o  the motor of the contact level drive. 
adiusting the set point, and (3) a valye to sh~!t iff 'or . During flow the stroke of the contact lever from'a zero .. . 
t~rn.:on delivery to the user. ~xterna! ele~tric8?~ower' '  or rest position to cam contact isaccumulated (Figure 
is not required. However, internal batteries are required ?) by a 6-digit %ial ECGzter. The cam is cut t o  
t o  totalize flow. proportion the length of stroke t o  the rate of flow. The 

dialsread total iml flow in  acre-feet. 

Measuring Principles 
The amount of flow through the new version device is 

Basically. the measuring pa* of the device is a also accumulated (Figure 3) on a Gdigit dialregister. 

rota-meterqpe variable area flowmeter, Figure 1 . ~ h ~  Attached to the magnet follower pointer assembly is a 

water enters the meter vertically from the bottom, cam which represents flow rate. This cam differsfrom 

flows aro!!nd the metering float situated within f~:.:modified~'SG-?levice in  that the cam has a slored 

the tapered throaqand discharges horizontally through face and is vertical. The contact lever drive is 

the side outlet.   he metering float moves up and down e5se"ially the same as field 
in direct response t o  the ,volumetric i low rate. The 
position of the metering float within the tapered throat, Set Point 

' . . - , 
is determined':Ly the balance of upward force exerted 
by the flowing water and the downward force of the Varying the maximum discharge l imit of the 
weight of the metering float, ihe shape of the metering field-modified device is 'accomplished by raising; r;r- 
f!oat and the tapered throat causes'the flo-?t to seek lowering the pilot valve seat by means of thesetpoint 

specific elevations for given discharges. Th;r$ore, the handwheel. Figures 1 and 2. The top end of the float 

meter can be calibrated in any desired units of flow. shaft is  beveled t o  mate with or act as a needle for the 
pilot valve. When the needle is seated the float cannot 

Readout Conversion rise. As the inlet;pressure continues to 'increase,.the. 
discharge would tend t o  increase, but seating of the 

A round, hollow float sk8aft extend&rough the center,, pilot valve needle prevents bypass pressure relief on the 

of the float and is guided by bearings for vertical ~ " t ' o l  piston, which is sealed with respect to the 

mow'ement, Figure 1. The float shaft extends up meter body by a flexible diaphragm, Figure 1. The. 

through the top cover plate into the integrator unit. pressure continues to build up above the control piston 

Permanent magnets are attached t o  the top end of the and the piston i s  forced downward. A sleeve valve 

float rod. As the flow is inciease,j from off containing shaped orifices (Figure 4) isattached to the 

maximum flow, the magnets rise the same distance as control piston. The orifices on the sleeve v;.!ue restrict 

the float. The field-modified device has a vertical the flow as the SlEeve is forced downward!in this way, 

helical shaft not shown in Figure 1 that converts inlet Pressure in excess of that required to just seat the 

changes of float elevations into rotation. -rhe helical pilot valve is mnsumed as orifice loss rather than 

shaft i s  external to, but magnetically coupled to the delivering more water. When the inlet pressure 
float shaft magnets. The rate of flow is indicated on a decreases below that required t o  seat the pilot valve, 
horizontal scale by  a pointer (Figure 2) attached t o  the the drops as the discharge reduces. 

top of the helical shaft. The scaie iscalibrated in cubic Internally, the flow rate limit for the nRnr version is 
feet per second (cfs) for direct reading. maintained in  the same way as for the field-modified 
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Figure 2. Horizontal scale and pointer of used field- 
modified device. Discharge pointer (a l .  Totalizer dials lbl. 
Set point hsndwhesl (c). Photo PX-D-70502 q ,.,: 

version. However, the rate of flow is  set to the desired 
- value by means of a quick engaging handcrank and gear 

drive (Figure 3) rather than a handwhcrl. 

Opening and Closing 

To shut off flow through the field-modified version, a 
small external hand shutoff valve [Figure 1) located 
adjacent to the meter outlet i s  closed. The external 
shutoff valve provides flow shutoff without changing 
control set point or opening the integrator cover. The 
external valve shuts off bypass relief in the control 
chamber and the pressure on top of the control piston 
builds up t o  inlet pressure. Thus, the sleeve valve is  
forced dow~ward until the O4ng at the top of the 
sleeve seats and shuts off the delivery flow. Al l  that is 
necessary to resume flow i s  io open the small external 
valve. 

, ,> 
The,hand shut& valve of the new version operates in 
the same) manner as above, but the hand valve of the 
new version differs from the field-'modified device in 

1___ - 
Figure 3. Vertical  follow^& pointer of newer-version 
device. Set point indicator (a). Totalizer dials (bl. Set 
Point hand crank and gear drive 14. Discharge indicator 

Idl. Photo PX-D-70501 
i- ., .. .. ~ . 

that it may be padlocked m that the flowmeter cannot 
be turned on. 

i 
-5 ( 

Installation 

Each flowmeter and flow-controller was unpacked. 
inspected for damage, and installed on the test stand, 
as shown in Figure 5. Water was pumped through a 
12-inch (30.5-crn) supply line controlled by a gate 
valve, through an upright 12-inch tee, blind-flanged on 
one end.  educed to the diameter of the device being 
tested, through a 5diarneter length of vertical 
approach pipe, and on through the devlce. The 
5-diameter length of approach pipe was the minimum 
allowed by design. On the outlet side of the meter a 
short horizontal secfion of pipe was installed that 
matched the size of the device being tested. The pipe 
was connected to a reduction or expansion, as needed. 
t o  match a 12-inch upturned elbow that maintained a 



F w r e  4. Sleeve valve w ~ t h  rl~apel: 'law control ortf~ce,. 
Photo PX-D-70499 

differentlal across the venturl meters. Using the average 
of this differential over the test per~od, the flow was 
determined from laboratory calibration tables. The 
manometars and venturis were calibrated using the 
laboratory volumetr;~ tank. The laboratory-measured 
flow rates through the devices are accurate to within 
plus or minus 1 percent. L, 

Pressure Measurements 

Piezometer taps were installed about onehalf diameter 
upstream from the in le tand about one diameter 
downstream from the outlet. To obtain a more 
accurate average of the flow pressure at each of these 

' 

sections,, four piezometer taps were placed at 90° 
intervals around the circumference of the piping, and 
were manifolded. The manifolds were sonnected'to th& 
m;!nometer or pieibmeters. In  the case cf. high kd 
conditions and/or flow con&oiled by the device, a 

Calibrated venturi meters that are permanent fixtures Rate of Flow 
! of the hydraulic laboratories were used to measure the 

mercury manometer was used ~o obtain. pressure 
'.differential readings. For the low head range andlor 

flow csptrclled by laboratory gate valves, Gparate 

. .~ , water columns were used to obtain more accurate 
pressure measurements. . *! . .. 1. : 

I ""2, 

Pressure measureme.?$ were also obtained between the 
inlet and outlet using plugholes drilled and tapped in 
the meter body of the device by the' manufncrurer. 
These holes are not ideally suited for pressure 
measurements and do not indicate true head loss. 
However, these holes provide a convenient means for 
head differential comparisons if data should be 
obtained with the same devices in the field. 

Totalizstion Medsurements 

The totalizer accuracy was determined by pumping 
water through the device for periods ranging from 
1-112 to 20 hours. A calibrated laboratory venturi 
meter was used to measure the true flow. Sufficient 
numbers of manometer readings were taken to obtain a 
meaningful average discharge value. During the 

Figure 5. Laboratory installation of flowmeter and to ta l izat ion tests, contin,ucys- charts of head 
flow-controller-Used field-modified device. Photo differential across '\he labor'atory venturi meter were 
PX-D-70494 recorded. The charts were used to aegure that the 

discharge remained essentially constant during the 
totalization measurements. The acre-foot dials of the 

positive outlet head. Overflow dropped through a box, ,register were read at the beginning and ending of time 
back into the laboratory pump supply. intervals. These intervals were made long enough to 

provide plus or minus 1 pFpent accuracy based on 
Discharge ~easurements ~. reading limitations of the reg!.:ei dials. 



reatlin2s could be cstimatrtl t o  plus or minus 0.02 cfs 
(0.57 Ips1 bcxveen scale divisions. 

blows during shipment. The bottom end o f  the lielix 
shafts in the integrator units werc not l i f ted o f f  their 
jewel bearings by  means o f  wooden nedges as is 
recommended by the manufacturer. This permittrd Lhs 
jewel bearings to  be s~~bjectctl  to !?lows during 
shippin,. Both meters were disassembled in fhr  
presence o f  manufacturer's representatives. Their 
interpretation o f  the inspection is included in the 
appendix. 

Closure Time Measurements 

Closing times were measured lby stopwatch and fu l l  
closure of the sleeve valve was determined by obrrv ing 
the rate of flow indica'or neeclle and also the flow 
from the exit pipe. 

Leakage Observations Our irspection of the l?.inch (30.5crnl meter 
disclosed two wcar spots on the mqnet ic end o! the 
float rod. One wear spot was near tile top o f  the 
magnet, and the other was near the Ibottum, but on the 
opposite side of the shaft. The float rod waq l ~ c n t  
onc.fourtli inch as detertnined on a rnxh i l l?  shut 
lathe. The needle on the float shaft had c lcqu i r~ l  an 
e r t r i  wear (Itowe on the lov~est por t io~,  of the scot in!^ 
bevel. This was probitoly due t u  the bent float rod. The 
debris strainer had broken off from the meter mtl was 
misiiny. Wear was noted on the lower part of the 
flexible di3nhra.m and elso on the diaohrarmm'c flanrlc. 

The sleeve valve o f  the devices did not always :ully 
seat. Leakage was usually estimated visually rather than 
~neasured since when leakage uccurred i t  ivas obviously 
in c. cess of the small amount spccifiwl. 1.112 to  1.3!4 
oz l r~ inu te  141 to 52 nil/min). 

Response to  Supply Line 
Pressure Changes 

Oischarqe recmerv tests were m x l e  by  setfintJ a 
r m r  ~naximum design ant 

g laboratory supply puml 
minimum head required t( 

uellver me ser olscnarge. The lal~oratory venturn 
discharge was measured after the rlwiccs had ful ly 
recovered from each r r ;w! r  change. 

- 
discharge at an inlet head 
then successively rerlucin~ 
speed i n  steps toward the 
, ~ , .  ~- ., ~ ~.. ~ , . ~  , 

, . . - 
I Only half of the sleeve valve O-ring was i n  the groove. 

The other half was missing. The pilot valve sel l  snowed 
> no C X C P S S ~ V ~  wcar. The float rod had an indentation of 

Our inspection o f  the 14-inch (35.G.cml meter 
disclosed dir t  particles in and around the inside of the 
integrator housing. Tbr  magnet head of the float shaft 
showed wear similar to the 12.;nch (30.5-cml meter. 
The set point shaft was frozen to the integrator 
housing by corrosion. The float rod was Iuent hy 3/16 
of ?n  inch. 

Tests were r r d c  to check the discharge control 
response of :ne devices t o  supply line pressure changes 
similar :u those that occur in pu~n~).operatecl 
d i s t r i h ~ t i o n  supply systems. Surge :eits were 
acco'nplished by  rapidly changing laborato y p u l q ~  
sr-eds and simultaneously measuring the inlet ,wssure 
and the pressure of the laboratory venluri differential 
on 1 .  ?ording charts. To prevent dclmage to the devices. 
line pressure was reduced L;y slowing the laboratory 
pumps whenever inlet pressure or discharge exceeded 
specifications. 

,\I1 the devices that were subseq~~ently delivered were 
properly prepared for sh ipn l~nt  and no damage rvas 
noted upon uncrating. 

Mechanical Problems 

None of the clock and timing circuits shipped 1 ~ 1 t h  tne 
devices was functioning properly. T h y  pror l~~ccr l  
random pulses that triggered extra accurnu l~ l~ot~s on 
the digit dial counters o f  the integration units. When 
this difficulty was clevonstrated :o niaoufacturds 
representatives. they furnished two reconditioned 
clocks and tests were continued s;xting wi th another 
device. Af tcr  about 2 weeks of daily operation, the 
first recondi:ioncd clock started to produce spuriolls 
pulses and rapidly became unusable. The sccond 
reconditionctl clock was installe~! and operated long 
enough to complete totali7ation tzsts with the tlevice. 
The clock was then transferred to the next device to he 
tested, hut did not  produce sufficient jpulsc voltage to 
trigqer intcqration. The manufacturer furnished ;I n m  

lnspectirn of the First 
Devices Received 

The first two devices that were shipped to the 
laboratory were 12- and 14.inch (30.5- and 35.6.cml 
used fieldmodified devices. Upon uncrating, it was 
immediately observed that they were not properly 
prepared for shipment. R~ ! lbe r  blocks had not been 
placed between the bottom of the floats and float shaft 
nuide bearing spiders. The re1 points werc left well 
above reference allowing the bearing spiders, floclts. 
and pilot valve seating surfaces to  be subiected to 



devices were of inadequate design. Once the cam &me 

backwards at about 0.005 acre.foot in',4 minutes ranging from 96 percent t o  116 percant registration. .. ,GT 

(about 6 cubic meters). Another time, at high inlet Figure 6. The solid data-:.:points represent double data. , 

head, the set point handwheel vibrated in such a points. A l l   the new xedices complied with the 
manner so as to change the ser dixtiarse from 50 to totalization specifications. The specifications require 
over 100 percent of maximum design. No vibration plus or  US 5 percent from 10 'to 25 percent - problems were encountered during laboratory tests o f  maximum and plusor minus 2 perceni'from 25 percent ', 

other field-modified devices. During one test the to maximum discharge,; These requiremenware = - . 

magnetic rotor that drives the integrator stroking arm demarked by the areas Sounded by the heavv !%?s  in-  
stuck. but by forcing it to make one revolution, it Figures 6 and 7. Laboratory measurementof discharge 
mntinued to operate properly. On another occasion, Was measured to plus or minus 1 percent. The 
the device failed to control when the controller was set totalization timejntewal was also selected,to ~roduce'a 
to maintain about 33 percent maximum design flow, PIUS or minus 1 percent discharge acfuracy oue to the 
and the supply line pressure was increased by 80 feet relative eifects of the precision of dial reading ..T he . 

(24.5 m) in 8 seconds. The discharge rose to 130 remainder  of t t i e  error wis  due t o  the devices 
percent of maximum design and made an unscheduled themselves.'Sorne.of the data scatter shown for the,, 
closure. This actior.:(buggested that the needle of the field-modified -devices was due to including data 
pilot valve$.ad wedged into a seated position. This was obtained from the 12:inch (30.5-cni) meter that was +<.<:. 

verified rlie11 the s5t pointing control was raised up improperly prepared for shipping and wzs found t o  be 
and down with the rate of.flow needle following. The damaged. 

.- 

clock with a transistorized tlming and puls~ng circuit. 
This new clock and timing circuit was used without 
any further diff ial l t~es. The testmg program was 
completed by transferring the new clock from one 
device to another. 

Both the field-modified and the 14-inch (35.6cm) 
newer-version devices vere slow to control the flow 
after a perioo of no pressure in the supply line. Usually 
10 to 15 mmutes was required. The devices were not 
mnslstent in response to varlous efforts to stimulate 
control, such as moving the set point up and down, 
increasing line pressure, temporarily closing the shutoff 
valve, and bleeding water from above the control 
plston to remove trapped air. Once, the field-modified 
14-inch device failed to control for 2 hours. After 
closing the shutoff valve and opening it again, the 
controller became o~erabln. 

Blame for mechanical problems experienced in the 
laboratory with the field-modified 12-inch (30.5-cm) 
device that was impr~perly packed for shipping cannot 
be clearly distinguished between possible contributing 
causes of field use, shipping damage, or inadequate 
mechanical design. The magnetic reed switch o i  the 
timing rotor came apart. The rubber sleeve o n  the 
totalizer stroking arm was cut or worn through so that 
there was metal-to-metal contact between it and the 
integration cam. The totalizer was out of adjustment. 
and the manufacturer's representatives adjusted the'' 
cam to zero. However, it was noted that final 
adjustment was made by bending the cam by hand to 
vary the integrator arm stroke length. This urocedure 

totalizer stroking arm of the other field-mod~fied 
12-inch (30.5-cm) dev~ce dragged on the cam, 
preventmg the cam from returning to the zero 
reference position when there was no flow. 

On one occasion the totalizing rotor o f .  the 
newer-veision 12- inch (30.5-cm) device ran 
cont inuously.  Disconnecting -the clock wiring, 
temporarilyand then reconnecting stopped this action, 
and this problem dio:not reoccur. . .. 

Free Flow Head Loss 

Free flow head loss data were obtained for all devices 
tested to check for normal flow head loss required by 
specifications. A l l  the newversion dev~ces tested 
compl~ed with the 30inch (76.2cml water loss 
specification. 

The field-modified 12.inch (30.5-cml device that was 
improperly prepared for shipment did not produce a 
consistent head loss data, probably<due to the bent 
float shaft. However, the data did,avwage 30 inches 
plus or minus 6 inches (76.2 cm ;jlus or minus 15.2 
cm). The fieldmodified 144nch (35.6-cm) version 
produced losses two times greater than specified. After 
thoroughly ,checking the laboratory measurements, it 
was concluded that the high loss was caused by internal 
damage similar to that noted for the two devices that 
were disassembl,ed and inspected. However, this device 
was not disassembled becaure of the considerable time 
required. ,:, 

suggests that the integrators of the field-modified Tctalization Tests m 



Flgure 6. Totalization accuracy of used fleld-modified 
dWICeS. Figure 8. Rae of flow indication accuraci of the u c d  

fleld-modified dev~ces. 

/> 
flow, Figure 8. The new meters operating near 50 
percent of maximum discharge fell in a 6 percent band 
ranging from 93 to 99 percent of true flow, Figure 9. 

L 
The solid data points with numbers in Figures 8 and 9 * 

Y D 14 INCH represent multiple datz ooints. It should be 
remembered t ha t  t he  laboratory  discharge 
measurements are only accurate t o  within plus or * 

u minus 1 percent. ff- 

Closure Time T e w  

Only the data for the field-modified 1Cinch (35.6cm) 
device ful ly cumplied with the specified closing time 
limits after the closure cycle was accepted internally, 
Figure 10. The vertical lines demark specified upper 
and lower specified closing time limits for the three 
sizes of devices. The solid data points represent double 
data points. One of the data points for the 
fieldmodified i0-inch (25.4.cm) device was out of 
specified range and two of the data points for the 
field-modified Winch (30.5cm) devices that was :fi\<= 
properly shipped were out of specified range. However. 

Ftgure 7. Totallzation accuracy of newer.version devices. the data the new version dRlices were within 
specified range after the closure cycle was accepted 

Rate of Flow Indication internally. Figure 11. 
, 

The fieldmodified devices operating near 50 percent During closure tests, the fieldmodified 1Zinch 
maximum design dischage indicated flow in a 15 (30.5cm) dmice that was improperly prepared for 
percent band, ranglng from 92 t o  107 percent of true shipment, leaked. The amount of leakage varied from 3 



80 90 100 110 

TRUE FLOW AS PERCENT OF M O X I M U M  OESIGN 

Figure 8. Rate of flow indication =curacy of ths 

newer-version devices. 

T I M E  ( M I N )  

Figure 11. Closing charactermcs af the neweruersion 
devices. 



I 1 

I 
I 
I 

In l e t  I I 

I I I 
h 

Time 

Figure 12. Qualitative diagram of flow-controller response 
to decrease of inlet pressure. 

approaching 20 percent of maximum design head. 
There tests were performed with discharges set near 50 
percent maximum and/or normal flow. These recoven/ 
data are plotted in Figures 13 and 14. It should be 
remembered that  the laboratory discharge 
measurement was accurate to within plus or minus 1 
percent. 

Discharge Response and Remvery 
After Pressure Increases 

Increase of inlet head, such as occur during normal 
operatinti of pumping plants, can overdrive the 
contmher and the device will temporarily deliver more 
discharge than intended. This resonse is qualitatively 
shown in the sketch of Figure 15. 

To further illustrate this response, data for the 12-inch 
(30.5md used fieldmodified device will be described. 
Initial set discharges ranged from 44 to 78 percent 
maximum design. The maximum ratio of the maximum 
change of discharge to initially set discharge attained 
during laboratory tests was 0.74 at a corresponding 
pressure ratio of 4.3. The values used for this pressure 
ratio were the change of inlet pressure to the initially 

RECOVERED DISCHARGE AS PERCENT " 

OF INITIAL SET DISCHARGE 

Figure 13. Discharge recovery after prerarre 
decrease-Used field-modified devices. 

RECOVERED DISCHARGE AS PERCENT 

OF INITIAL S E T  DISCHARGE 

Figure 14. Discharge recovery after 
decreass-Newerdiveh devices. 
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Fwre 15. Qualitative diagram of flowcontrJiler response F~gure 16. Discharge response and remvery after inaease 
t~ increase of inlet prenure. of inlet pressure-12-mch used field-modifled device. 

set inlet pressure. The recovery times varied from 17 t o  
60 seconds. The discharge ratios versus the pressure 
ratio are plotted in  Figure 16. The numbers by the data 
paints are recovery times in seconds. It should be 
remembered that the maximum possible overdelivery 
and time to recover could not be determined because 
tests were aborted whenever discharge or inlet pressure 
attained maximum design values. 

FIELD PERFORMANCE REPORTS 

From July 1970 to July 1971, Westlands Water District 
made monthly performance reports on the new version 
devices. Numerous failures, mostly associated with the 
integrator units were as follows: 

(5) The clutches that drive the stroking armsof the 
totalizers have slipped. 

(6) The motor micro limit switches that stop the 
integratcr rotors after each totalization stroke have 
ceased t o  function. 

(7) The lower micro limit switches that break the 
circuit to the integrator motors when there i s  no 
flow have not operated properly. 

(8) The external 1R-inch (1-114cm) valves that 
actuate shutoff of the main flow have leaked, thus 
causing failures of closure. 

CONCLUSIONS 
(11 Clocks have stopped. 

1. None of the field-modified devices tested fully 
(2) The clock driven magnets and the reed switches compl ied w i t h  specified totalization accuracy 
that pulse the integrator motors have come loose. requirements. Possible contributing reasons are 

inadequate modification, field use, shipping damage, 
(31 The motors have failed. and inadequate mechanical design. 

(4) The magnets 011 the rotor assembly have not 2. A l l  the new version devices tested did comply with 
held their adjustment. specified totalization accuracy requirements within 



laboratory measuring capability. The effectiveness of 
the new-version mechanical design will be more fully 
determined from field operation and maintenance 
experience. However, visual inspection indicates that 
the manufacturer has made efforts to provide a more 
rugged version that is more likely to maintain 
calibration more effectively than the u s d  modified 
devices. 

3. Al l  devices tested complied with the specified 
30-inch (76.2cml water head loss maxilnum allowed at 
normal flow, except the used fieldmodified 14-inch 
(35.6-cm) device which had twice the maximum 
allowed head loss. It was concluded that this large loss 
was caused by internal damage. 

4. Al l  clock and timing circuits that were shipped with 
both the used field-modified and new-version devices 
produced errors of fotalization. The new transistorized 
version developed by the manufacturer during the test 
period operated stisfactorily in t h e  laboratory. 
However, field reliability will have to be determined 
from operation and maintenance experience. 

5. Other mechanical problems, such as leakage, 
refusing to internally recognize closure initiation, and 
slownes or refusal to assume control, were mostly 
related to low line pressure or prior periods of no line 
pressure. 

6. Vibration difficulties were experienced with the 
used field-modified 12-inch (30.5cm) device that was 
not properly prepared for shipping. The totalizing cam 

shipping damage, and inadequate mechanics! design. 

7. Al l  the devices that were tested remrned flow back 
m within plus or minus 3 percent of a set discharge for 
pressure changes within a head range from 100 to 20 
percent of maximum design hem. 

8. Pressure increases such as might be caused by 
normal pump system operation can cause large 
temporary overdelivery. Maximum time to  recover and 
maximum overdelivery could not be determined 
because the tests were aborted whenever maximum 
pressure and discharge specifications were exceeded. 

9. Mechanical problems experienced in both the 
laboratory and the field indicate that further research 
and development by the manufacturer are nwded to 
improve reliability Lf the devices. 

APPLICATION 

Further field experience, alons with the material 
presented in this report, can be used to help determine 
if the flowmeter at? flow-control devices are feasible 
for use in particular projects and to aid in writing 
equipment purchase specifications t h a  more fully 
mnsider the peculiar characteristics of those projects. 
No further laboratory tests are recommended until 
further research and development has been performed 
by the manufacturer. 





EXCERPT FROM MANUFACTURER CORRESPONDENCE 

Upon complete disassembly and visual inspection of 
the two meters, the following observations and 
mnclusions were made: 

A. 12" Meter, Serial No. 6612-69817125 
Total acre feet 685.97 

, Checked OK in California 2/19/69 
Retrofit Integrator 

1. Damaged lower helix bearing causing "dead 
band." This probably due to damage in 
shipment. 

2. Sand and dirt particles found in instrument 
case and critical bearing surfaces. This would 
indicate that case was not kept closed. 

3. Float rod damaged and bent. (Refer to 
Photographs 1.2.3. and 4, taken at Bureau.) - 

a. Float rod bent as indicated by wear spot 
on extension (Photographs 1 and 2.) 

b. Pilot plug shows wear on one side of 
seat ing  sur face (Photograph 3). 
Approximately 0.040 inch flat on plug. This 
caused by misalinement of magnet extension. 

c. Float rod shows indentation damage of 
approximately 318 inch diameter by 1116 inch 
deep (Photograph 4) in critical area.This area 
passes through restriction ring in main valve. 
In  this condition, error "over" amount of 
pilot flow will be created, causing a 
controlljng error. 

/ ' 
d. Tota, runout measured from float head to  
magnet extension 114 inch TI R. 

: i 
4. Plug ',:()" Ring damaged. One-half section of 
this r ing hissing and vent holes plugged with 
epoxy, making tight shutoff impossible. " 

Conclusion: Misalinement probably caused by 
improper shipment. Damage to float rod happened 
when meter in severe service. 

B. 14" Meter-Serial No. 6612-69818135 
Total acrefeet 1,015.00 
Checked OK in California 12/19/68 

1. Set po in t  adjustment "frozenn'-cause 
unknown. This, of course, makes the unit 
inoperable. 

2. Excessive dirt and corrosion inside cases 
(Photograph 5). Evidence of moisture inside case. 
This indicates that case was kept open in service. 

3. When float rotated at "no flow" position. 
flow indicating pointer moved approxhately 
3/16 inch, indicating a bent float rod. Runout 
measured from float head to magnet extension 
3/16 inch. This mndition caused by improper 
shipping. 

4. Main valve seat shows damage probably 
caused by foreign object on seat during closure. 

5. Main valve " 0  Ring damaged and small 
pieces missing, probably caused by foreign object 
on seat during closure. 

Based on the above findings, these meters do not in 
any way represent the instruments as shipped. 

The damages are definitely indicated as improper 
shipment and unnecessary abuse in field service. 

The following steps must be taken to return the meters 
to original operation: 

12" Meter 

1. Replace float 
2. Rebuild integrator 
3. Rebuild plug and replace " 0  Ring 
4. Completely inspect working pans 
5. Test and recalibrate 

14" Meter 

1. Straighten float rod if possible and refinish 
pilot plug 

2. Replace integrator case and extension well 
3. Completely inspect working parts 
4. Test and recalibrate 

In addition to the above steps, meters should be 
repainted and repaired as required. 







COXVERSION FACTORS-BRITISH TO METRIC UNITS OF MEASUREMENT 

The following conversion factorr adopted by the Bureau of Reclamation arcthose wblirhed by the American 
Societv for Tening and Materials I A S M  Metric Practice Guide. E 380.681 except that additional fanom 1') 
commonlv used i n  the Bureau have been added. Further discussion of definitions of quamitier and unitr ir given in 
the ASTM Merric Practice Guide. 

The meuic units and eower%ion factors adopted by  the ASTM are bared an the "International Synem of U n i w  
(designated 51 for Syrte.ne lnrernational d'uniteri. fixed by the lnternatioml Committee for Weighu and 
Measurer: thir lyrtem ir also known as the Giorgi or MKSA (meter-kilogram (mars)-recond.ampereI wstem. This 
rvnem has been adopted by the International Organiretian for Siandandization in IS0 RecommendaUon R-31. 

The metric technical unit of farso is the kilogramforce; this is the force which, when applied ta a body hwing a 
mars of 1 k a  gives i t  an mceleratinn of 9.80665 m/sec/rec. the standard occcleration of free fall toward the earth's ., 
center tor sea level a1 45 deg latitude. The metric unit o f  force in SI units is the newton IN), which 1s defined as , ., .. 
that force which, when applbd to  s body haringa mars o f  1 kg, giver i: an aceeleration ol 1 mlreclrec. There unitr 
must be distinguished from rhe lincanrrantl local weight o f  a body having a mars of 1 kg. ,hat ir. the weight of a 

is that f o r c ~  with which a b d y  is amacted to  the earth and ir qua1 to the mas o f  a body multiplied by the 
acceleration due t o  gravity. Hawwer. because i t  1s general practice ro use "pound" rather xhsn the technically 
corrxr rerm "pound-force." the term "kilogram" (or derived mars unit) has been "red In thir guide instead of 
"kilogram~force" in exoresing the canverrioo factas for forces. The newton unit otforre will find incwaring use. 
and is enen:ial in SI unicr. 

Where $ppmximste or nominal English m i l s  are used to expierr r value or range of  valuer. the convened metric 
unio i n  parenlhescs are also approximale or nominal. Where precise English unitr are used, rhe converted metric" 
units are expzesed ar equally rlgnificani unluel. 

,\ 
Table I :&".\. 

QUANTITIES AND UNITS OF SPACE 
. 

Mulfiply -. Sv To obtain . ~ 

LENGTH 

Mil . . . . . . . . . . . . . . . . .  25.4 lexacrlv~ . . . . . . . . . . . . . . . . . . . . . .  Micron 
. . . . . . . . . . . . . . .  Inches 25.4 l e ~ a ~ l l ~ l  . . . : . : . . . . . . . . . " . . .  Mi l l imterr  

lncher . . . . . . . . . . . . . . .  2.54 lexsctlyl L. . . . . . . . . . . . . . . . .  .': . Ccnlimeter$ 
Feel . . . . . . . . . . . . . . . . .  30.48 iexmlv1'-. . . . . . .  .' . . . . . . . . . .  Ceniineterr 
Feet . . . . . . . . . . . . . . . .  0.3048 lexactlvl. . . . . . . . . . . . . . . . . . .  'Meters 
FCC: . . . . . . . . . . . . . . . .  0.0003Q48 iexst lvi '  . . . . . . .  l . . . . . .  Kilometers 
Ya:dr . . . . . . . . . . . . . .  0.9!44 irxac:lvl . . . . . . . . . . . . . . . . . . .  Mrterr 
Miles Inatutel . . . . . . . . . . .  ; 1.609.344 lexacrlvl' . . . . . . . . . . . . . . . . . . .  Meterr 
Miles . . . . . . . . . . . . . . . .  1 . 6 0 9 3 4 4 l ~ x ~ I y l  . . . . .  ..._. . .  Kilometcri .- -- 

, . 
ARE/\ 

. Sauare inches . . . . . . . . . . .  6.4516 lexzcuyl Square centimeters . . . . . . . . . . . . .  
Souare fect . . . . . . . . . . . .  '929.03 . . . . . . . . . . . . . . . . . . .  Souare centimeter. 
Square feet . . . . . . . . . . . .  0.092903 . . . . . . . . . . . . . . . . . . . .  Square meters 
Sware yards . . . . . . . . . . .  0.836 127 .:. . . . . . . . . . . . . . . . . . .  Squmr meters 

. . . . . . . . . . . . . . . . . . . . . . . .  Acres . . . . . . . . . . . . . . . .  '0.40489 Hectare$ 
A c r e  ' . . . . . . . . . . . . . . . . .  4.046.9 . . . . . . . . . . . . . . . . . . . . . . .  Square meter. 
Acres . . . . . . . . . . . . . . . .  'O.OWM69 . . . . . . . . . . . . . . . .  Sqcere kilometers 

. . . . . . . . . . .  Square milcr 2.58999' . . . . . . . . . : . . . . . . .  Square kilomererr 

VOLUME 

Cubic inches . . . . . . . . . . .  16.3871 . . . . . . . . . .  : . . . . . . . .  Cubic cenlime~err 
Cubic feet . . . . . . . . . . . . .  0.0283158 . . . . . . . . . . . . . . . . . . . .  Cubis ra t c r r  ... 
Cubic yards . . . . . . . . . . . .  0.764555 . . . . . . . . . . . . . . . . . . . .  Cubic meters 

-- CAPACITY 

Fluid ounccriU.S.1 . . . . . . .  29.5737 . . . . . . . . . . . . . . . . .  
Fluid ounces 1U.S.I . . . . . . . .  29.5729 . . . . . . . . . . . . . . . .  
Liquid p ins  1U.S.I . . . . . . . .  0.473173 . . . . . . . . . . . . . . .  
Liquid pints lU.S.1 . . . . . . . .  0.473166 . . . . . . . . . . . . . .  
OuaRr IU.S.1 . . . . . . . . . . . . .  '946.358 . . . . . . . . . . . . . . . .  
Quarts lU.S.l . . . . . . . . . . .  '0.946331 . . . . . . . . . . . . . .  
Gallons lU.S.1 . . . . . . . . . . .  -3.785.43 . . . . . . . . . . . . . . . . .  
Gellonr IU.5.) . . . . . . . . . . .  3 78543 . . . . . . . . . . . . . . .  
Gallons 1U.S.t . . . . . . . . . . .  3.78533 . . . . . . . . . . . . . . .  

. . . . . . . . . . .  Gallons VJ.S.1 -[300378543. . . . . . . . . . . . .  
Gallons IU.K.1 . . . . . . . . . .  4.54609 . . . . . . . . . . . . . . .  

. . . . . . . . . .  Liters 

Gallonr 1U.K.) . . . . . . . . . .  4.54556 . . . . . . . . . . . . . . . . . . . . . . . . .  Literr 
. . . . . . . . . . . . .  Cubic feet 28.3150.. . . . . . . . . . . . . . . . . . . . . . . .  Literr 
. . . . . . . . . . . .  Cubic yards '764.55 . . . . . . . . . . . . . . . . . . . . . . . . . . .  Liters 
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